Abstract. We define an extended Cesàro operator Tg with holomorphic symbol g in the unit ball B of C n as
Introduction
We denote by D the unit disk in the complex plane C. It is well known that C[ · ] acts as a bounded linear operator on various spaces of holomorphic functions (see [7] , [8] , [13] , [15] 
The boundedness of T g on Hardy space and Bergman space are studied in [1] and [2] .
The purpose of this paper is to define the extended Cesàro operator on the unit ball B of C n and to characterize those holomorphic symbols on B for which the induced operator is bounded (or compact) on mixed norm space. Our work will extend [11, 15] .
The class of all holomorphic functions on the unit ball B of C n will be denoted by H(B). For g ∈ H(B) having the homogeneous expansion g = ∞ j=0 G j , as in [9] we let g(z) = ∞ j=0 jG j (z) be the radial derivative of g. With a little calculation one can show that g(z) = n j=1 z j ∂g ∂zj . Given g ∈ H(B), the extended Cesàro operator T g with symbol g is defined on H(B) as
It is trivial that when n = 1, (2) is just (1) . A positive continuous function ϕ on [0, 1) is called normal if there are two con-
Here
and f is called a little Bloch function if lim |z|→1 Q f (z) = 0. By Theorem 1.8 and Corollary 3.8 in [14] we know that a holomorphic function f is a Bloch function if and only if
and f is a little Bloch function if and only if
The sets of all Bloch and little Bloch functions will be denoted by B and B 0 , respectively. We also know that f B is an equivalent norm on B/C.
In what follows C, C 1 , C 2 will stand for positive constants whose value may change from line to line but not depend on the functions in H(B). The expression
Our main result is the following. Moreover, when T g is bounded,
Equivalent norms on H p,q
Recall that, for f ∈ H(B), the radial derivative of f can be expressed as
Proof. For f ∈ H(B)
, f(0) = 0, and z ∈ B we know
Then we know ∂B
is a holomorphic function of w in the unit disc D. Now for 1 ≤ q ≤ ∞, by (5) and Minkowski's inequality,
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To deal with the case 0 < q < 1 we denote
Then by (5) and [4, p. 57],
The lemma is proved.
The following theorem, which has its own interest, will be used in the proof of the main result.
Theorem 2. Let 0 < p, q ≤ ∞ and let m be a positive integer. Then for f ∈ H(B),
Proof. First we consider m = 1. Then (7) becomes
To prove this we notice that, for f ∈ H(B), 
This and the fact that
Then, by (9) and (11),
This gives one direction of (8) . Notice that
Hence, to prove the other direction of (8) we need only prove
provided f (0) = 0. For 0 < p < ∞ and 0 < q ≤ ∞, (12) can be proved as the estimate (11) in [10] with the only attention that Lemma 1 and Theorem 3 in [10] should be replaced by Lemma 2 in [11] and our Lemma 1 above, respectively. We will omit the details here. Now we deal with the case p = ∞, 0 < q ≤ ∞. If p = ∞ and 1 ≤ q ≤ ∞, by Lemma 1 and (3) we have
t).
If p = ∞ and 0 < q < 1, by Lemma 1 and (3) again,
These give (12) for p = ∞ and end the proof of (8) .
For general m we see that (1 − r) m ϕ(r) is still normal. Then (7) comes from (8) by induction. The proof of the theorem is completed. 
Then f ζ p,q,ϕ ≤ C. Here, the constant C is independent of ζ.
Proof. By [9] we have
For I 1 , by (3) and [12] we have
Similarly,
For J 1 ,
Proof of Theorem 1. (I). Suppose g ∈ H(B)
, and T g is bounded on H p,q (ϕ). First, we claim that, for f, g ∈ H(B),
In fact, we may suppose the holomorphic function f g has the expansion (f g) (z) = |α|≥1 a α z α . Then
Notice also that (T g f ζ )(0) = 0 . Then for any ζ ∈ B, by Theorem 1 and Lemma 2,
Hence g ∈ B and
